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WIRE ELECTRIC-DISCHARGE MACHINING
DEVICE AND WIRE-ELECTRODE
REMOVING DEVICE CONFIGURED TO
REMOVE CUT WIRE-ELECTRODE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International Appli-
cation No. PCT/JP2012/051817 filed Jan. 27, 2012, the con-
tents of all of which are incorporated herein by reference in
their entirety.

FIELD

The present invention relates to a wire-electrode removing,
device that removes a wire electrode cut 1n a wire electric-
discharge machining device.

BACKGROUND

A wire electric-discharge machining device generates
clectric discharge by applying a pulse voltage between a
workpiece and a wire electrode laid 1n a tensioned state
between an upper wire guide unit and a lower wire guide unit
and machines the workpiece into an arbitrary shape, similar to
using a jigsaw, while creating relative motion between the
workpiece and the upper and lower wire guide units. During,
machining by the wire electric-discharge machining device,
at the time of a wire electrode connection operation or at the
time of processing wire electrode disconnection, the wire
clectrode needs to be cut and removed. Removal of the wire

clectrode 1s performed, for example, according to techniques
described 1n Patent Literatures 1 to 5.

CITATION LIST

Patent [iteratures

Patent Literature 1: Japanese Patent Application Laid-open
No. 2005-96049

Patent Literature 2: Japanese Patent Application Laid-open
No. S63-120034

Patent Literature 3: Japanese Patent Application Laid-open
No. S63-123632

Patent Literature 4: Japanese Patent Application Laid-open
No. H02-237724
Patent Literature 5: Japanese Patent Application Laid-open

No. HO2-167622

SUMMARY
Technical Problem

According to Patent Literature 1, a wire electrode cut by a
wire-clectrode cutting device 1s clamped by a drive block, and
the drive block 1s horizontally moved to house the wire elec-
trode 1n a predetermined wire-electrode collection box. How-
ever, a wire electrode that can be housed 1s limited by a
horizontal travel distance of the drive block. Therefore, a long
wire electrode cannot be removed. I a long wire electrode 1s
left between an upper wire-clectrode guide and a lower wire-
clectrode guide, a wire feed roller needs to be rotated in the
opposite direction to a feed direction to rewind the wire
clectrode to obtain a length that 1s the same as or shorter than
the horizontal travel distance of the drive block, and then the
wire electrode needs to be cut by the wire-electrode cutting,
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device to remove the wire electrode. Theretore, the automatic
wire connection time becomes long. Furthermore, because a
wire electrode to be removed has a substantially linear shape,
the wire-electrode collection box corresponding to the length
ol the substantially linear wire electrode needs to be prepared,
and thus work space 1s wasted.

Patent Literature 2 discloses a wire-electrode removing
device that removes a long wire electrode by suction. How-
ever, wire electrode diameters that can be used generally 1n
the wire electric-discharge machining device are J0.1 to
(30.3 and accordingly, even 1f a thin wire electrode (for
example, ¥0.1) 1s to be suctioned, a large suction device that
can suction a thick wire electrode (for example, J0.3) 1s
required, resulting in excess performance. Further, a wire
clectrode to be removed has a substantially linear shape and
thus a wire-electrode collection box corresponding to the
length of the substantially linear wire electrode needs to be
prepared, thereby wasting work space.

Patent Literatures 3 and 4 disclose wire-electrode remov-
ing devices that feed a wire electrode with the wire electrode
put between belts or rollers to remove a long wire electrode.
However, even i1n the case of Patent Literatures 3 and 4,
because a wire electrode to be removed has substantially a
linear shape, a wire-electrode collection box corresponding
to the length needs to be prepared, thereby wasting a work
space.

Patent Literature 5 discloses a technique in which at the
time of removing a wire electrode, the wire electrode 1s
wound by a fork-like electrode clamping unit to remove a
long wire electrode. However, because the wire electrode 1s
clamped by the fork-like electrode clamping unit, 1f a notch
portion of the fork-like electrode clamping unit 1s formed
smaller than a wire electrode diameter, the notch portion
cannot be placed at a wire-electrode running position so that
the notch portion does not intertfere with the wire electrode
during electric-discharge machiming. Therefore, a travel dis-
tance of the fork-like electrode clamping unit needs to be
increased, and thus a small cylinder cannot be used. On the
other hand, 11 the fork-like electrode clamping unit 1s formed
larger than the wire electrode diameter to downsize the cyl-
inder, the wire electrode cannot be clamped reliably and
cannot be wound. When the wire electrode 1s to be wound by
the fork-like electrode clamping unit, a rotation-position
detecting device needs to be attached to a motor to prevent the
wire electrode from being unwound and falling from the
tork-like electrode clamping unit due to a spring property of
the wire electrode or to place the notch portion of the fork-like
clectrode clamping unit not to be in contact with the wire
clectrode during electric-discharge machining.

Therefore, a complicated mechanism 1s required. Further-
more, the wire electrode 1s pulled up by the fork-like elec-
trode clamping unit 1n an outer circumierential tangent direc-
tion of the fork-like electrode clamping unit, and thus the
center ol a wire guide 1s located 1n the notch portion of the
tork-like electrode clamping unit. Therefore, the wire elec-
trode can be wound substantially perpendicularly to the wire
guide but cannot be wound exactly perpendicularly thereto,
and thus breakage of the wire electrode may occur.

The present invention has been achieved to solve the prob-
lems described above, and an object of the present invention
1s to provide a wire electric-discharge machining device and
a wire-electrode removing device that can minimize the pos-
sibility of breakage of a wire electrode and reduce the auto-
matic wire connection time. Furthermore, another object of
the present mvention 1s to enable removal of a long wire
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clectrode and downsize the wire-electrode collection box to
ensure a work space by bringing the removed wire electrode
into a small piece.

Solution to Problem

The present invention 1s directed to a wire electric-dis-
charge machining device that achieves the objects. The wire
clectric-discharge machining device includes a wire-elec-
trode cutting unit that 1s arranged 1n a running path of a wire
clectrode and cuts the wire electrode; and aremoving unit that
removes the wire electrode cut by the wire-electrode cutting,
unit from the running path, wheremn the removing umit

includes: a wire-electrode guide unit that has a through hole
into which the wire electrode 1n a vertical direction 1s inserted
at the time of electric-discharge machining using the wire
clectrode, and guides an end on a cut point side of the wire
clectrode outside the running path, with the cut wire electrode
arranged 1n the through hole, by rotationally moving about a
wire-electrode guide shaft 1n an operation of removal of the
wire electrode cut by a wire-electrode cutting unit; a winding,
shaft unit that winds and removes the wire electrode on the cut
point side guided by the wire-electrode guide unit; and a
collection member that collects the wound wire electrode.

Advantageous Effects of Invention

According to the present invention, the possibility of
breakage of a wire electrode can be minimized and the auto-
matic wire connection time can be reduced. Furthermore,
there are remarkable effects such that a long wire electrode
can be removed and the wire-electrode collection box can be
downsized to ensure a work space by bringing the removed
wire electrode mto a small piece, which are not achieved by
the conventional techniques.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s an explanatory diagram of an automatic wire
connecting device and a wire-electrode removing device 1n a
wire electric-discharge machining device.

FIG. 2 1s a perspective view of a configuration of the
wire-electrode removing device.

FIG. 3 1s an operation explanatory diagram of an operation
ol the wire-electrode removing device.

FI1G. 4 1s an operation explanatory diagram of an operation
of the wire-electrode removing device.

FIG. 5 1s an operation explanatory diagram of an operation
at a time when a wire electrode 1s wound and removed.

FIG. 6 1s an operation explanatory perspective view of an
operation of the wire-electrode removing device.

FIG. 7 1s an operation explanatory perspective view of an
operation of the wire-electrode removing device.

FIG. 8 1s a configuration diagram of a configuration of a
winding shaft and a winding shaft scraper.

FIG. 9 depicts a configuration of a wound wire-electrode
guide.

DESCRIPTION OF EMBODIMENTS

Exemplary embodiments of a wire-electrode removing
device and a wire e¢lectric-discharge machining device
according to the present invention will be explained below 1n
detail with reference to the accompanying drawings.

First Embodiment

FIGS. 1 and 2 are explanatory diagrams of an automatic
wire connecting device and a wire-electrode removing device
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in a wire electric-discharge machining device. A wire elec-
trode 1 1s fed by rotation of wire-electrode feed rollers 3 and
1s laid 1n a tensioned state between an upper wire guide unit 4
and a lower wire guide unit 5, which determine a position of
the wire electrode, to generate electric discharge by a pulse
voltage applied between the wire electrode 1 and a workpiece
2. The workpiece 1s machined into an arbitrary shape, similar
to using a jigsaw, while creating relative motion between the
workpiece 2 and the upper and lower wire guide units 4 and 5.
At the time of machining, the wire electrode 1 1s automati-
cally connected to wire-electrode collection rollers 27 that
collect the wire electrode 1 by an automatic wire connecting
device including the wire-electrode feed rollers 3 and a wire-
clectrode guide pipe 6, passing from the upper wire guide unit
4 through a machining start hole of the workpiece 2.

The wire electrode 1 needs to be cut either when machining,
1s finished, when the wire electrode 1s disconnected during
machining, or when connection by the automatic wire-elec-
trode connecting device fails because the wire electrode 1 1s
caught by the upper wire-electrode guide 4, the lower wire-
clectrode guide 5, or the workpiece 2. Accordingly, the wire
clectric-discharge machiming device includes a wire-elec-
trode cutting device that cuts the wire electrode 1 by electric
heat by pressing the wire electrode 1 against a current-carry-
ing cutting member 7 using a cut wire-electrode presser 8 1in
association with an operation of a cutting cylinder 9. The wire
clectrode cutting method can be, for example, a method of
using a blade, instead of using electric heat.

When the wire electrode 1 1s disconnected during electric-
discharge machining, the wire electrode 1 remaining on a side
nearer the collection side than the disconnected point, that 1s,
on the side of the wire-electrode collection rollers 27, 1s
collected by the wire-electrode collection rollers 27 1n a wire-
clectrode traveling direction at the time of performing the
wire electric-discharge machining, and 1s removed. On the
other hand, the wire electrode 1 remaining on a side nearer the
wire feed side than the disconnected point, that 1s, between
the wire-electrode cutting device and the lower wire-elec-
trode guide 5 or the like needs to be cut by the wire-electrode
cutting device and the wire electrode remaining between the
wire-clectrode cutting device and the lower wire-electrode
guide 5 needs to be removed. The cut wire electrode 1 can be
removed by a wire-electrode removing device explained in
the present embodiment and the wire electrode can be passed
through the machining start hole of the workpiece again by
the automatic wire-clectrode connecting device. Also 1n a
case where connection by the automatic wire-electrode con-
necting device 1s not successtul at an 1nitial stage of machin-
ing as well as the case where the wire electrode 1 1s discon-
nected during electric-discharge machining, the wire
clectrode needs to be cut so that the cut wire electrode 1 1s
removed by the wire-electrode removing device 1n the same
manner as described above.

In the wire-electrode removing device, the wire electrode 1
cut by the wire-electrode cutting device 1s guided to a winding
shaft unit by rotation of a wound wire-electrode guide 10
serving as a wire-electrode guide umt arranged at a wire-
clectrode runnming position about a wound wire-electrode
guide shatt 11. In the winding shait unit, the wire electrode 1
1s clamped between a winding shatt 16 having corner portions
and a winding roller 21, the winding roller 21 1s rotated to
cause the winding shaft 16 to be driven, and the wire electrode
1 1s wound on the winding shaft 16, so that the wire electrode
1 1s wound perpendicularly to the wire guide and removed.
When the wire electrode 1 1s to be wound, a load 1s applied to
the wire electrode 1 by pressing the wire electrode 1 with a
wound wire-electrode presser upper unit 14 and a wound
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wire-clectrode presser lower unit 15. Therefore, the wire elec-
trode 1 1s pressed against the corner portions of the winding
shaft 16 to cause plastic deformation of the wire electrode 1,
thereby decreasing the spring property of the wire electrode
itself. Accordingly, the long wire electrode can be brought
into a small piece and removed.

A configuration of the wire-electrode removing device of
the present embodiment 1s explained below 1n detail. In the
drawings, reference sign 10 denotes the wound wire-elec-
trode guide arranged at the wire-electrode running position,
which works with a pinion 12 attached to the wound wire-
clectrode guide shait 11 with a horizontal movement of a
wound wire-electrode guide cylinder 13 with a rack, to rota-
tionally move about the wound wire-electrode guide shait 11.
In the wound wire-electrode guide 10, at the time of non-
removal of the wire electrode when the wound wire-electrode
guide cylinder 13 with a rack does not move horizontally, a
through hole through which the wire-electrode guide pipe 6
passes at the time of automatic connection 1s formed along a
wire-electrode runming path, and the wire electrode 1 runs on
the running path, thereby performing electric-discharge
machining.

The wound wire-electrode guide 10 has a substantially
L-shaped member with a notch formed therein, and the notch
of the L-shaped portion has a function of guiding the wire
clectrode 1 to the winding shait unit by being tilted toward the
winding shaft unit at the time of removal of the wire electrode
when the wound wire-electrode guide cylinder 13 with a rack
moves horizontally. Furthermore, at the time of removal of
the wire electrode, the wire electrode 1 1s positioned and
pressed by the wound wire-electrode presser lower unit 15
provided on the winding shait unit and the wound wire-
clectrode presser upper unit 14 of the wound wire-electrode
guide 10 formed at a position opposite to the wound wire-
clectrode presser lower unmit 15, and a load 1s applied at the
time of sliding when the wire electrode 1 1s to be wound,
which will be described later. The wound wire-electrode
presser upper unit 14 and the wound wire-electrode presser
lower unit 15 are preferably made of a material having a high
hardness, for example, a ceramic maternal to slide the wire
electrode 1. However, a rubber material or a resin material
that can apply a higher load to the wire electrode can be used.
Furthermore, while a V groove 1s suitable as a shape thereof
for positioning, an inclined shape or a circular shape can be
used. The wound wire-electrode presser upper unit is attached
to the wound wire-electrode guide and 1s arranged to coop-
erate with the wound wire-electrode presser lower unit by
rotational driving. However, it needless to mention that a
cylinder for pressing the wound wire electrode different from
a wound wire-electrode guide cylinder can be arranged to
press the wire electrode.

A configuration of the wire-electrode removing device on
the winding shaft unit side 1s explained next with reference to
FIG. 2. Reference sign 16 denotes the winding shaft in a
square shape having corner portions for winding and remov-
ing the wire electrode 1 and, for example, suitable for clamp-
ing the wire electrode. The winding shait 16 can effectively
press the wire electrode 1 to cause plastic deformation,
thereby decreasing the spring property of the wire electrode
itself, so long as the winding shait has corner portions, for
example, 1n a triangular shape, a star shape, or a plate-like
shape. Reference sign 17 denotes a winding shaft housing that
holds the winding shaft 16 therein, which 1s fixed to a winding,
shaft bearing 18 that enables rotation of the winding shaft 17
and can be moved horizontally by a winding shaft cylinder 19
serving as a winding shaft drive unit, together with the wind-
ing shait bearing 18. Reference sign 20 denotes a winding
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shaft scraper through which the winding shaft 16 passes and
that scrapes the wire electrode 1 wound on the winding shaft
16 from the winding shaft 16. Reference sign 21 denotes the
winding roller that 1s arranged at a position facing the winding
shaft 16 to clamp the wire electrode 1 1n cooperation with the
winding shait 16 and causes the winding shaft 16 to be driven.
The winding roller 21 1s fixed to a winding roller shaft 22 and
rotates by being driven by a winding motor 23. The winding
motor 23 can be directly connected to the winding shatt 16 to
rotate the winding shaft 16 directly by driving the winding
motor 23.

Reference sign 24 denotes a removed wire-electrode guide
member that guides the scraped wire electrode 1 to aremoved
wire-electrode collection box 25. However, an air flow path
can be arranged 1n the removed wire-electrode guide member
24 to blow the scraped wire electrode 1 into the removed
wire-electrode collection box 25. Reference sign 26 denotes
wire-electrode pressing rollers that are driven at the time of
cutting the wire electrode to press the wire electrode 1 to
facilitate cutting thereof, and serve as a guide when the wire
clectrode 1s pulled out perpendicularly to the lower wire-
clectrode guide at the time of removal of the wire electrode.

An operation of cutting and removing the wire electrode 1n
the wire electric-discharge machining device of the present
invention 1s explained next. When automatic connection of
the wire electrode fails or when the wire electrode 1 1s dis-
connected due to the electric-discharge machining, the wire
clectrode 1 1s cut by the wire-electrode cutting device includ-
ing the current-carrying cutting member 7, the cut wire-elec-
trode presser 8, and the cutting cylinder 9 (see FIG. 3).

An end of the wire electrode 1 cut by the wire-electrode
cutting device 1s 1n a state ol passing through the through hole
of the wound wire-electrode guide 10 and being supported. A
horizontal movement of the wound wire-electrode guide cyl-
inder 13 with a rack 1s converted to a rotational movement by
the pinion 12, so that the wound wire-electrode guide 10 1s
rotated by nearly 90 degrees about the wire-electrode guide
shaft 11. Accordingly, the end of the cut wire electrode 1 1s
guided to the winding shaft unit 1n a state of being sandwiched
by the wire-electrode pressing rollers 26 (see FIG. 4).

A sectional view of a state where the wound wire-electrode
guide 10 1s gmided to the winding shait unit 1s shown 1n FIG.
5. As shown 1n FIG. 5, the wire electrode 1 on the cut end side
1s supported by the through hole of the wound wire-electrode
guide 10 and a clamping point between the wound wire-
clectrode presser upper unit 14 and the wound wire-electrode
presser lower unit 13 on the left side of FIG. 5. The wound
wire-electrode presser upper unit 12 and the wound wire-
clectrode presser lower unit 13 have 1deally a V-groove shape
because restriction of the winding position on the winding
shaft 16 as described later can reduce the spring property of
the wire electrode 1 1tsellf more and can bring the wire elec-
trode into a smaller piece.

The wire electrode 1 guided to the winding shaft unit 1s
then placed 1n the notch portion of the wound wire-electrode
guide 10, the winding shait 16 1s horizontally driven by the
winding shaft cylinder 19 so that the winding shait 16 1s
inserted into the notch portion, and the wire electrode 1 1s
clamped between the winding shaft 16 and the winding roller
21 arranged at a position facing the end face of the winding
shaft 16 (see FIG. 6).

After sandwiching by the wire-electrode pressing rollers
26 15 released, the winding motor 23 attached to the winding
roller shait 22 1s rotationally driven 1n the state with the wire
clectrode 1 being clamped, to rotate the winding roller 21 and
thus the winding shaft 16 1s driven. As a result, the wire
clectrode 1 to be removed 1s wound on the winding shaft 16.
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Accordingly, even a long wire electrode can be wound. At this
time, because the wire electrode 1 1s sandwiched between the
wound wire-electrode presser upper unit 12 and the wound
wire-clectrode presser lower unit 13, the wire electrode 1 can
be wound effectively on the winding shaft 16 by applying a
suificient load to the wire electrode 1 to cause plastic defor-
mation by the winding shaft 16 having the corner portions.
The wound wire electrode 1 1s brought 1into a small piece due
to the plastic deformation (see FIG. 7). When the wire elec-
trode 1 1s wound on the winding shaft 16, the wire electrode
1 can be brought into a smaller piece if the diameter of the
winding shatt 16 1s decreased. Furthermore, when the wind-
ing shaft 16 and the winding shait scraper 20 are formed 1n
concave polygonal shapes having concave and convex por-
tions as shown 1n FIG. 8, and the winding shaft 16 1s arranged
to fit to the winding shatit scraper 20, the wire electrode 1
wound on the winding shaft 16 can be scraped more reliably.

After the wound wire-electrode guide 10 1s returned to the
original position, the winding shaft 16 1s horizontally moved
by the winding shait cylinder 19 so that the wire electrode 1
wound on the winding shait 16 1s scraped from the winding,
shaft 16 by the winding shaift scraper 20. The removed wire
clectrode 1 1s guided to the removed wire-electrode collection
box 25 by the removed wire-electrode guide member 24. An
air flow path can be arranged 1n the removed wire-electrode
guide member 24 to guide the removed wire electrode 1 to the
removed wire-electrode collection box 25 and the scraped
wire electrode 1 can be blown into the removed wire-elec-
trode collection box 23.

According to the present embodiment, the scraped wire
clectrode 1s brought 1nto a small piece, and thus the removed
wire-electrode collection box 25 can be downsized. Further-
more, the position of the wire electrode 1 remains unchanged
from the wire running position because of the wire-electrode
pressing rollers 26, and the wire electrode can be wound
perpendicularly to an upper unit of the upper wire guide,
thereby enabling to prevent disconnection of the wire elec-
trode being wound. It has been explained that the winding
shaft 16 1s driven and moved horizontally to press, {ix, and
release the wire electrode. However, the driving direction 1s
not limited to the horizontal direction, and the winding shaft
16 can be driven, for example, vertically in the present
embodiment. Any mechanism can be applied to the present
embodiment so long as the mechanism can press, release, and
rotate the wire electrode appropriately.

Second Embodiment

In the first embodiment, when the cut wire electrode 1 1s to
be wound on the winding shait 16, the wire electrode 1 1s
sandwiched between the wound wire-electrode presser upper
unit 14 and the wound wire-electrode presser lower unit 15
and wound on the winding shaft 16 with a load applied to the
wire electrode 1. At this time, by enabling air pressure to the
wound wire-electrode guide cylinder 13 with a rack to vary
depending on the diameter of the wire electrode 1 so that the
load can be adjusted and by adjusting the load between the
wound wire-electrode presser upper unit 14 and the wound
wire-clectrode presser lower unit 15 depending on the diam-
eter of the wire electrode 1, disconnection at the time of
winding can be also prevented and the way of bringing the
wound wire electrode 1 into a small piece can be also
adjusted. The same elfect can be obtained also by sandwich-
ing the wire electrode 1 with the wire-electrode pressing
rollers 26, applying a load to the wire electrode 1, and adjust-
ing the load at the time of winding.

Third Embodiment

FIG. 9 1s an enlarged view of relevant parts of the wound
wire-electrode presser upper unit 14 and the winding shait 16.
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In a third embodiment of the present invention, concave por-
tions as shown 1n FIG. 8 are provided in the winding shait 16,
and at the time of winding the cut wire electrode 1 on the
winding shaft 16, when the wire electrode 1 1s wound while
being sandwiched between the wound wire-electrode presser
upper unit 14 and the winding shatt 16, the wire electrode 1
can be wound while being bent at the corner portions of the
winding shait 16. As in the second embodiment, by enabling
air pressure to the wound wire-electrode guide cylinder 13
with a rack to vary so that the load can be adjusted and
adjusting the load depending on the diameter of the wire
clectrode 1, the way of bringing the wound wire electrode 1
into a small piece can be adjusted.

Industrial Applicability

The present invention relates to a wire electric-discharge
machining device 1including a wire-electrode removing
device and can remove a long wire electrode, reduces an
automatic wire connection time, minimizes possibility of
breakage of a wire electrode, and brings the removed wire
clectrode 1nto a small piece, so that a wire-electrode collec-
tion box can be downsized to ensure a work space.

The mvention claimed 1s:

1. A wire electric-discharge machining device comprising:

a wire-electrode cutting unit that 1s arranged 1n a running,

path of a wire electrode, the wire-electrode cutting unit

being configured to cut the wire electrode; and

a removing unit configured to remove the wire electrode

cut by the wire-electrode cutting unit from the running

path,

wherein the removing unit includes:

a wire-clectrode guide unit that 1s arranged below the
wire-electrode cutting umit in the running path of the
wire electrode, the wire-electrode guide unit compris-
ing a through hole configured to receive a wire-elec-
trode guide pipe during a wire connection operation to
connect the electrode wire to rollers and further con-
figured to recerve the wire electrode 1n the running
path when electric-discharge machining using the
wire electrode, the wire-electrode guide unit being
configured to guide an end of the wire electrode,
formed by a cutting operation of the wire-electrode
cutting unit, to a position outside the running path,
with the cut wire electrode provided 1n the through
hole, by rotationally moving about a wire-electrode
guide shaft when removing the wire electrode cut by
the wire-clectrode cutting unit;

a winding shait umit configured to wind and remove the
cut wire electrode guided by the wire-electrode guide;
and

a collection member that collects the wound and
removed wire electrode.

2. The wire electric-discharge machining device according,
to claim 1, wherein the wire-clectrode guide unit 1s config-
ured to rotationally move about the wire-electrode guide shaft
according to a horizontal movement ol a wound wire-elec-
trode guide cylinder connected to a rack that 1s coupled with
the wire-clectrode guide shatt.

3. The wire electric-discharge machining device according
to claim 1, wherein the wire-electrode guide unit has a sub-
stantially L-shaped member with a notch portion formed
therein, the notch portion being configured to recerve the wire
clectrode such that the wire electrode 1s wound and removed
by the winding shait unmit inserted in the notch portion of the
substantially L-shaped member when removing the wire
clectrode.




US 9,321,114 B2

9

4. The wire electric-discharge machining device according
to claim 3, further comprising:

a wound wire-electrode presser upper unit provided in the

wire electrode guide unit; and

a wound wire-electrode presser lower unit provided on the
winding shaft unit,

wherein the wound wire-electrode presser upper unit and
the wound wire-electrode presser lower unit are config-
ured to sandwich the wire electrode according to a rota-
tional movement of the wire-electrode guide umt, and
the winding shaft unit 1s configured to apply a load
suificient to cause plastic deformation of the wire elec-
trode when winding the wire electrode.

5. The wire electric-discharge machining device according,

to claam 1, wherein the winding shaft unit comprises:

a winding shaft configured to press and {ix, at an end face
thereol, the wire electrode guided by the wire-electrode
guide umt, the winding shait having a columnar shape
having cormer portions, the winding shaft configured to
wind the wire electrode around the winding shaft
according to a rotational driving force;

a winding-shaft drive unit configured to supply the rota-
tional driving force to drive the winding shaft to press
and fix the wire electrode or release the pressing of the
wire electrode:; and

a scraper member configured to remove the wound wire
clectrode from the winding shait when releasing the
pressing of the winding shait by the winding-shait drive
unit.

6. The wire electric-discharge machining device according
to claim 1, further comprising wire-electrode pressing rollers
arranged below the wire-electrode guide unit, the wire-elec-
trode pressing rollers being configured to hold the wire elec-
trode when guiding the end of the cut wire electrode outside
the running path by the wire-electrode guide unat.
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7. The wire electric-discharge machining device according
to claim 1, wherein the winding shait unit comprises a wind-
ing shaft having a columnar shape having a cross section of a
concave polygonal shape.

8. A wire-electrode removing device provided 1n a wire
clectric-discharge machining device and configured to
remove a cut wire electrode, the wire-electrode removing
device comprising;

a wire-electrode guide unit that 1s arranged below a wire-
clectrode cutting unit, the wire-electrode cutting unit
being arranged 1n a running path of the wire electrode
and included 1n the wire electric-discharge machining
device, the wire-electrode removing device being a
physically distinct component from the wire-electrode
cutting unit, the wire-electrode guide unit comprising a
through hole configured to receive a wire-electrode
guide pipe during a wire connection operation to con-
nect the electrode wire to rollers and further configured
to receive the wire electrode 1n the running path when
clectric-discharge machining using the wire electrode,
the wire-electrode guide unit being configured to guide
an end of the wire electrode, formed by a cutting opera-
tion of the wire-electrode cutting unit, to a position
outside the running path, with the cut wire electrode
provided 1n the through hole, by rotationally moving
about a wire-electrode guide shaft when removing the
wire electrode cut by the wire-electrode cutting unait;

a winding shait unit configured to wind and remove the cut
wire electrode guided by the wire-electrode guide unait;
and

a collection member that collects the wound and removed
wire electrode.
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